The mould flux plays an important role in the continuous casting of steel. Its prime functions are to lubricate the mould and provide a thermal barrier between the steel shell and the mould. The factors affecting lubrication and horizontal heat transfer are reviewed and analysed. Certain surface quality and process control problems can be related to mould flux performance and the causes of the problems and possible ways of combating them are discussed.
INTRODUCTION
This paper is dedicated to the memory of the late Manfred Wolf; our present understanding of the continuous casting process owes much to his work and ideas.
The continuous casting process ( Fig. la) has made enormous advances in the last forty years and more than 90% of the world's steel production is now continuously cast. In this process molten steel is delivered through a submerged entry nozzle (SEN) into the water-cooled copper mould, the bottom of which is blocked with a dummy bar. The steel freezes to form a shell of steel and then the dummy bar is withdrawn. Sticking of the shell to the mould is prevented by oscillating the mould and by the use of mould fluxes which separate the shell from the mould (Fig. lb) .
Originally, rapeseed oil was used to provide both lubrication to the steel shell and a thermal barrier between shell and mould. However, mould fluxes based on fly-ash (a waste product of power stations) were introduced in the 1960's and were found to be beneficial since their superior thermal insulation properties resulted in fewer defects and better surface quality of the cast-product. Over time, fly ash based fluxes were replaced with synthetic powders to improve quality assurance since compositions of fly-ash sources tended to be somewhat variable. Synthetic mould fluxes have (Ca0/Si0 2 ) ratios in the range 0.7 and 1.3 with flux additions (usually up to 10%) of CaF 2 , Na 2 0 and B 2 0, etc. and about 5% Λ/ 2 0,. Fly ash contains carbon particles and, fortunately, these were found to slow down the melting of the flux. Consequently, mould fluxes usually contain carbon to control the rate of liquid slag production (ca. 4 % C for casting slabs and up to 20%C for casting billets).
Mould fluxes are placed on the top of the mould where (i) carbon particles react with oxygen (and maintain a reducing atmosphere) (ii) mineral components sinter and then (iii) melt to form a liquid pool which acts as a reservoir for slag infiltration into the mould/shell channel (Fig. lb) . The pool should have a depth of >10mm to ensure good slag infiltration into the mould/shell channel.
The first slag to penetrate into the shell/mould channel freezes against the water-cooled, copper mould to form a slag film consisting of a solid (usually glassy) layer (ca. 2mm) with a liquid layer (ca. 0.1 mm), which lubricates the newly formed shell. As casting proceeds the hotter regions of the glassy layer tend to crystallise. Since parts of the slag film may persist throughout the cast, crystallisation of the glassy region close to the copper mould has been reported to occur in some casts as a result of low temperature annealing of the slag film /3/. The slag film in the bottom half of the mould is subject to higher stresses and consequently, may fracture; thus liquid slag must replenish the solid slag layer /3/. It is usually assumed that the liquid flux moves with the steel strand and the solid slag film remains stationary or travels at a much lower speed. A slag "rim" is formed around the meniscus area and this Since the continuous casting process is dependent on many variables, the mould flux is expected to be "flexible" or "forgiving" in helping to overcome the fact that the mould conditions arc frequently not optimal.
Initially, mould fluxes were regarded as "black magic" since wa § little.known of how they worked but over the last 30 years we have learnt a lot about their behaviour and performance, thanks in large part to the studies of Japanese workers and mould flux producers. 
LUBRICATION AND SLAG INFILTRATION

Powder Consumption
It is essential that the liquid flux lubricate the shell in the mould. The liquid friction force on the shell, F, is given by Eq. 1 where V m is velocity of the mould and d t the thickness of the liquid slag layer:
Consequently, the friction force decreases (or Qs=Qm+Qg+Qf+Qo,
We have assumed /2,9/ that the powder consumption 
Melting Rate
The melting rate of the powder (in kgn^.min"') must match the demand for liquid slag (i.e. powder 
HEAT TRANSFER
Heat transfer in the mould can be conveniently divided into horizontal and vertical heat transfer. The horizontal has a more significant effect on the surface quality of the steel but adjustment of the vertical heat flux has been used to overcome other problems (e.g.
pinholes and deep oscillation marks)
Horizontal heat transfer
Both the magnitude and the variability of the heat flux can affect the surface quality of the steel. In summary the mould flux-related factors affecting heat transfer are:
1) The thickness of the solid slag film (which is, in turn, related to the T hr )\
2) The interfacial resistance RCu/gi, which is dependent upon both the thickness and the %crystalline phase in the slag film; and
3) The % crystalline phases developed in the slag film.
However, the casting conditions also affect the horizontal heat transfer; the heat flux can be reduced or 
Vertical heat flux
The vertical heat flux is important since it affects the following:
1) The depth of the molten pool, which, in turn, affects the lubrication;
2) The depth of oscillation marks /26/;
3) Freezing of the meniscus and the formation of It has been reported /26/ that decreasing the vertical heat transfer can reduce the formation of deep oscillation marks and "pinholes" (Fig. 3b) . 
INCLUSIONS ABSORPTION
DEFECTS AND OPERATIONAL PROBLEMS
In order to overcome the following defects and operational problems it is necessary to know the cause of the problem before trying to rectify it.
Longitudinal-cracking and corner-cracking is caused by differences in the shrinkage coefficients of the δ and austenite phases in the steel which produces stresses in the newly-formed shell; these can only be containing carbon /40/. The remedy is to use a mould flux with a low carbon content or a powder where carbon has been largely replaced with silicon nitride, SiflJ40/. Viscosity at 1300C, dPas 
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